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Effects of Glycerin Antifreeze on CPVC
Abstract
There are multiple applications where chlorinated poly(vinyl chloride) (CPVC) may come in contact with
glycerin. One common application is in fire suppression systems that could be subjected to subfreezing
temperatures. Chlorinated poly(vinyl chloride) is increasingly being used for these systems in place of metal
because of its many advantages, including the ease of installation, weight reduction, cost benefits and chemical
resistance. When CPVC piping is used in an area that has the potential to freeze, an antifreeze solution must
be used in the fire suppression systems to suppress the freezing temperature of the water and reduce
possibility of failure of the piping system. Glycerin is a commonly used antifreeze for this application. The
following article discusses the effects of using glycerin with CPVC piping and presents a case study of the use
of bio-derived glycerin as an antifreeze agent. In general, it was found that glycerin from the bio-diesel
industry had adverse effects on the CPVC.
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E f f e c t s  o f  G l y c e r i n  A n t i f r e e z e  o n  C P V C  
P a u l  J  G r a m a n n ,  P h . D . ,  a n d  J a v i e r  C .  C r u z ,  P h . D . ,  T h e  M a d i s o n  G r o u p  
D a v i d  G r e w e l l ,  P h . D ,  M e l i s s a  M o n t a b l o - L o m b o y , P h . D ,  T o n g  W a n g ,  P h . D . ,  I o w a  S t a t e  U n i v e r s i t y  
A b s t r a c t  
T h e r e  a r e  m u l t i p l e  a p p l i c a t i o n s  w h e r e  c h l o r i n a t e d  p o l y ( v i n y l  
c h l o r i d e )  ( C P V C )  m a y  c o m e  i n  c o n t a c t  w i t h  g l y c e r i n .  O n e  
c o m m o n  a p p l i c a t i o n  i s  i n  f i r e  s u p p r e s s i o n  s y s t e m s  t h a t  c o u l d  
b e  s u b j e c t e d  t o  s u b f r e e z i n g  t e m p e r a t u r e s .  C h l o r i n a t e d  
p o l y ( v i n y l  c h l o r i d e )  i s  i n c r e a s i n g l y  b e i n g  u s e d  f o r  t h e s e  
s y s t e m s  i n  p l a c e  o f  m e t a l  b e c a u s e  o f  i t s  m a n y  a d v a n t a g e s ,  
i n c l u d i n g  t h e  e a s e  o f  i n s t a l l a t i o n ,  w e i g h t  r e d u c t i o n ,  c o s t  
b e n e f i t s  a n d  c h e m i c a l  r e s i s t a n c e .  W h e n  C P V C  p i p i n g  i s  u s e d  
i n  a n  a r e a  t h a t  h a s  t h e  p o t e n t i a l  t o  f r e e z e ,  a n  a n t i f r e e z e  
s o l u t i o n  m u s t  b e  u s e d  i n  t h e  f i r e  s u p p r e s s i o n  s y s t e m s  t o  
s u p p r e s s  t h e  f r e e z i n g  t e m p e r a t u r e  o f  t h e  w a t e r  a n d  r e d u c e  
p o s s i b i l i t y  o f  f a i l u r e  o f  t h e  p i p i n g  s y s t e m .  G l y c e r i n  i s  a  
c o m m o n l y  u s e d  a n t i f r e e z e  f o r  t h i s  a p p l i c a t i o n .  T h e  f o l l o w i n g  
a r t i c l e  d i s c u s s e s  t h e  e f f e c t s  o f  u s i n g  g l y c e r i n  w i t h  C P V C  
p i p i n g  a n d  p r e s e n t s  a  c a s e  s t u d y  o f  t h e  u s e  o f  b i o - d e r i v e d  
g l y c e r i n  a s  a n  a n t i f r e e z e  a g e n t .  I n  g e n e r a l ,  i t  w a s  f o u n d  t h a t  
g l y c e r i n  f r o m  t h e  b i o - d i e s e l  i n d u s t r y  h a d  a d v e r s e  e f f e c t s  o n  
t h e  C P V C .  
I n t r o d u c t i o n  
A  c o m m o n  a p p l i c a t i o n  w h e r e  C P V C  m a y  c o m e  i n t o  c o n t a c t  
w i t h  g l y c e r i n  i s  i n  f i r e  s u p p r e s s i o n  s y s t e m s .  I t  h a s  b e e n  p r o v e n  
t h a t  o n e  o f  t h e  m o s t  e f f e c t i v e  t e c h n i q u e s  t o  p r e v e n t  a  f i r e  f r o m  
s p r e a d i n g  i s  t h e  u s e  o f  c e i l i n g  m o u n t e d  f i r e  s p r i n k l e r s .  T h e i r  
u s e  i n  n e w  c o m m e r c i a l  c o n s t r u c t i o n  h a s  b e e n  r e q u i r e d  f o r  
m a n y  y e a r s .  I n  a d d i t i o n ,  r e q u i r e m e n t s  o f  t h e i r  u s e  i n  m u l t i -
f a m i l y  a n d  e v e n  s i n g l e  f a m i l y  r e s i d e n c e  h a s  b e c o m e  i n c r e a s i n g  
p o p u l a r .  A  p r o p e r  s p r i n k l e r  l a y o u t  r e q u i r e s  t h e  c o n n e c t i o n  o f  
n u m e r o u s  p i p e  s e c t i o n s  r o u t e d  t h r o u g h o u t  t h e  b u i l d i n g ' s  
c e i l i n g  a n d  w a l l s .  
C h l o r i n a t e d  p o l y ( v i n y l  c h l o r i d e )  p i p i n g  i s  i n c r e a s i n g l y  b e i n g  
u s e d  i n  p l a c e  o f  m e t a l  p i p i n g  b e c a u s e  o f  i t s  m a n y  
a d v a n t a g e o u s ,  i n c l u d i n g  t h e  e a s e  o f  i n s t a l l a t i o n ,  w e i g h t  
r e d u c t i o n ,  c o s t  b e n e f i t s  a n d  c h e m i c a l  r e s i s t a n c e .  H o w e v e r ,  
w h e n  u s e d  a s  p a r t  o f  a  f i r e  s u p p r e s s i o n  s y s t e m  i n  a n  a r e a  t h a t  
h a s  t h e  p o t e n t i a l  t o  f r e e z e ,  a n  a n t i f r e e z e  s o l u t i o n  m u s t  b e  u s e d  
t o  e n s u r e  f r e e z i n g  w a t e r  d o e s  n o t  c a u s e  f a i l u r e  o f  t h e  p l a s t i c  
p i p i n g .  W a t e r  f r e e z i n g  a n d  e x p a n d i n g  i n  a  p i p i n g  s y s t e m  c a n  
c r e a t e  e x c e s s i v e l y  h i g h  p r e s s u r e s  t h a t  c a n  l e a d  t o  a  p i p e  o r  
c o m p o n e n t  f a i l u r e .  F r e e z e  c a n  c a u s e  w a t e r  l e a k a g e  f r o m  a  p i p e  
r u p t u r e  o r  m a k e  t h e  s y s t e m  i n e f f e c t i v e  i n  t h e  e v e n t  o f  a  f i r e  a s  
w e l l  a s  c a u s e  w a t e r  d a m a g e  i f  l e f t  u n a t t e n d e d .  
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C o m m o n  a n t i f r e e z e  a g e n t s  u s e d  f o r  f i r e  s u p p r e s s i o n  s y s t e m s  
i n c l u d e  c h e m i c a l s  s u c h  a s  p r o p y l e n e  g l y c o l  a n d  g l y c e r i n .  T h e s e  
c h e m i c a l s  a r e  u s e d  a s  a n t i f r e e z e  a g e n t s  b e c a u s e  t h e i r  c h e m i c a l  
s t r u c t u r e  f o r m s  s t r o n g  h y d r o g e n  b o n d s  w i t h  w a t e r  m o l e c u l e s  
t h a t  p r e v e n t  t h e  f o r m a t i o n  o f  i c e  c r y s t a l s  a t  n o r m a l  w a t e r  f r e e z e  
t e m p e r a t u r e  w h i c h  s u p p r e s s e s  t h e  f r e e z i n g  t e m p e r a t u r e  o f  t h e  
w a t e r .  T h e s e  c h e m i c a l s  a r e  p r e f e r r e d  o v e r  o t h e r  a n t i f r e e z e  
a g e n t s  s u c h  a s  e t h y l e n e  g l y c o l  b e c a u s e  o f  t h e i r  l o w  t o x i c i t y .  
H o w e v e r ,  c e r t a i n  s o l u t i o n s  o f  t h e s e  c h e m i c a l s  c a n  n e g a t i v e l y  
a f f e c t  C P V C  p i p i n g  [ 1 ] .  A d d i t i o n a l l y ,  t h e  s p e c i f i c  m e t h o d  t o  
p r o d u c e  t h e s e  c h e m i c a l s  c a n  r e s u l t  i n  v a r i o u s  r e s i d u a l  
c o m p o n e n t s .  F o r  e x a m p l e ,  g l y c e r i n  c a n  b e  p r o d u c e d  t h r o u g h  
d i f f e r e n t  m e t h o d s ,  i . e .  f r o m  p r o p y l e n e ,  a s  a  b y p r o d u c t  o f  
m a k i n g  s o a p ,  o r  a s  a  c o - p r o d u c t  o f  b i o d i e s e l .  E a c h  p r o c e s s  c a n  
y i e l d  v a r i o u s  r e s i d u a l  c o m p o n e n t s  w i t h i n  t h e  g l y c e r i n .  I t  i s  
i m p o r t a n t  t o  c o n s i d e r  a l l  t h e s e  i n d i v i d u a l  c o m p o n e n t s  p r e s e n t  
i n  a n  a n t i f r e e z e  s o l u t i o n  t h a t  m a y  c o m e  i n t o  c o n t a c t  w i t h  
C P V C  p i p i n g  t o  a s s u r e  t h a t  t h e  i n t e g r i t y  o f  t h e  p i p i n g  w i l l  b e  
m a i n t a i n e d  d u r i n g  t h e  i n t e n d e d  s e r v i c e  l i f e .  
C P V C  P i p i n g  
C h l o r i n a t e d  p o l y ( v i n y l  c h l o r i d e )  i s  a  m a t e r i a l  w i t h  r e l a t i v e l y  
h i g h  c h e m i c a l  r e s i s t a n c e .  H o w e v e r ,  c e r t a i n  s p e c i f i c  c h e m i c a l s  
s u c h  a s  a r o m a t i c  s o l v e n t s ,  e s t e r s ,  a n d  k e t o n e s  c a n  r e a d i l y  a f f e c t  
C P V C .  C h l o r i n a t e d  p o l y ( v i n y l  c h l o r i d e )  i s  v e r y  s i m i l a r  t o  i t s  
b e t t e r  k n o w n  c o u s i n  p o l y ( v i n y l  c h l o r i d e )  ( P V C ) .  H o w e v e r ,  
C P V C  p o s s e s s e s  a  h i g h e r  d e g r e e  o f  c h l o r i n a t i o n  w h i c h  
p r o v i d e s  i n c r e a s e d  t h e r m a l  s t a b i l i t y  a n d  i n  g e n e r a l ,  b e t t e r  
c h e m i c a l  r e s i s t a n c e .  M o s t  b u i l d i n g s  a n d  r e s i d e n c e s  h a v e  s o m e  
t y p e  o f  P V C  p i p i n g  i n s t a l l e d .  M o s t  o f  t h i s  p i p i n g  i s  n o n -
p r e s s u r i z e d  a n d  a s s o c i a t e d  w i t h  t h e  t r a n s p o r t  o f  w a s t e  w a t e r .  
B e c a u s e  o f  t h e  h i g h e r  t h e r m a l  s t a b i l i t y ,  C P V C  p i p i n g  i s  
c o m m o n l y  u s e d  f o r  h o t  a n d  c o l d  w a t e r  d i s t r i b u t i o n  s y s t e m s  
i n c l u d i n g  f i r e  s u p p r e s s i o n  s y s t e m s .  
T h e  a d v a n t a g e s  o f  u s i n g  C P V C  o v e r  m e t a l  f o r  f i r e  s u p p r e s s i o n  
s y s t e m s  a r e  n u m e r o u s .  P e r h a p s  o n e  o f  t h e  m o s t  f a v o r a b l e  i s  t h e  
m a t e r i a l  c o s t s .  H o w e v e r ,  a n o t h e r  s i g n i f i c a n t  c o s t  s a v i n g s  i s  
r e a l i z e d  w i t h  i n s t a l l a t i o n .  T h e  t y p i c a l  i n s t a l l a t i o n  m e t h o d s  f o r  
m e t a l  f i r e  s u p p r e s s i o n  p i p e s  a r e  t h r e a d e d  a n d  g r o o v e d  j o i n t s .  
B o t h  r e q u i r e  t r a i n e d  p i p e  f i t t e r s  w i t h  c o m p l e x  e q u i p m e n t  t h a t  
c o m m o n l y  n e e d  t o  c u t  p i p e  t h r e a d s  o r  p e r f o r m  t h e  g r o o v i n g  a t  
t h e  j o b  s i t e .  C h l o r i n a t e d  p o l y ( v i n y l  c h l o r i d e )  p i p e  i s  e a s y  t o  c u t  
a n d  t y p i c a l l y  u s e s  a  s o l v e n t  b o n d i n g  p r o c e d u r e  t o  j o i n  p i p e s  
a n d  c o n n e c t o r s  w h i c h  d o  n o t  r e q u i r e  a n y  s p e c i a l  e q u i p m e n t .  
H o w e v e r ,  i t  i s  k n o w n  t h a t  t h e  s o l v e n t  b o n d i n g  p r o c e d u r e  c a n  
b e  a  s o u r c e  o f  p r o b l e m s  i f  n o t  c o m p l e t e d  c o r r e c t l y .  A n o t h e r  
s i g n i f i c a n t  a d v a n t a g e  o f  C P V C  o v e r  m e t a l  i s  c o r r o s i o n  
" " ' -
resistance. Corrosion of metal when exposed to water and 
bacteria is well known. Although CPVC does not have the 
same corrosion issues as metal and has relatively good 
chemical resistance, it has been found to suffer from attack by a 
number of chemicals that may be present in piping systems. In 
many instances, CPVC piping is connected to metal piping. In 
these configurations, cutting oils and lubricants used for metal 
pipes have been detected inside of CPVC pipes. Some of these 
oils and lubricants have been found to chemically affect CPVC 
leading to failures [1]. Likewise, insecticides, antibacterial 
additives and coatings, caulks, and cables or wires that may 
contact the exterior surface of the pipe can be incompatible 
with CPVC. 
Propylene Gylcol 
When using CPVC pipe for fire suppression systems that are 
susceptible to freezing, a solution of water and antifreeze must 
be used to ensure freezing does not take place [1]. A solution 
containing propylene glycol is a common option for metal 
piping systems. However, environmental stress cracking (ESC) 
[2) issues with this antifreeze have been found when used with 
CPVC. Figure I shows an example of cracking that initiated at 
the inside surface of a CPVC pipe that was used for a fire 
suppression system that contained propylene glycol. The 
individual cracks propagated outward from the initiation sites 
in a thumbnail pattern, in the process coalescing with other 
cracks. The CPVC fails in a brittle manner as the crack travels 
through the thickness, driven by the synergistic effect of the 
propylene glycol and stress. In this case, it is clear that the 
CPVC material showed high affinity to the propylene glycol 
allowing the solution to be locally absorbed and affect the 
plastic resulting in slow-crack growth and failure. For this 
reason, alternative antifreeze agents need to be considered for 
CPVC piping systems. 
Glycerin 
Glycerin is another common choice of antifreeze solution for 
fire suppression piping systems. Chemically pure or USP 1 
grade glycerin mixed at a concentration of up to 48% by 
volume [l] has been approved to be used with CPVC piping for 
fire suppression systems. This solution of glycerin can lower 
the freezing point to approximately -25°C (-13 °F) [3]. 
Glycerin is a colorless, odorless and viscous liquid that when 
mixed in solution with water, is visually undetectable. The 
molecular structure of glycerin is that of a polyol that consists 
of three carbons and three hydroxyl groups. Its chemical 
representation is shown in Figure 2. As expected, with three 
hydroxyl groups, glycerin is readily soluble in water. Glycerin 
is essentially the backbone structure of a triglyceride. 
Therefore, a common production method for glycerin consists 
of the reactions of triglycerides that generate glycerin as one of 
the reaction products. Because biodiesel fuel is made from a 
1 United States Pharmacopeia 
1980 
reaction of triglycerides and methanol, glycerin will be one of 
the reaction products. 
Bio-Derived Glycerin 
A growing source of glycerin is the biodiesel industry where 
0.66 lbs of crude glycerin is made from every gallon of 
biodiesel [ 4], an industry that produced over a billion gallons of 
diesel fuel in 2011 [5]. As biodiesel production continues to 
increase, crude glycerin production is projected to reach 
approximat~ly 5.8 billion pounds/annum globally by 2020 [6]. 
Because of the massive resource of glycerin from the biodiesel 
industries, some end-user manufacturers are choosing to use 
this glycerin over USP grade glycerin. It is a very promising 
resource because it is abundant and significantly lower price 
compared to USP grade glycerin. However, because it is not 
refined, it is expected that it may contain impurities. Depending 
on the feedstock used, the majority of the crude glycerin from 
the biodiesel industry will contain impurities such as methanol, 
water, soap, and residual biodiesel or fatty acid methyl esters 
(FAME). Figure 3 shows the chemical reaction that takes place 
when producing biodiesel and the glycerin co-product. In this 
case triglycerides are reacted with methanol yielding fatty acid 
methyl esters and glycerin. As the figure shows, the biodiesel is 
an ester-based compound. Biodiesel, in general, refers to fuel 
produced from vegetable oil or animal fat consisting of methyl, 
propyl, or ethyl esters of fatty acids. It is important to note that 
biodiesel can be produced from a range of feedstocks, but the 
most common are soy bean oil or animal fat (tallow) and the 
various feedstocks produce varying chemical stuctures of 
FAME molecules. 
It is known that many plastics including CPVC will have 
incompatibility issues with ester-based chemicals [7, 8]. 
Therefore, incompatibilities with bio-derived glycerin on 
CPVC can be expected. The following details a case where a 
significant loss of properties occurred when bio-glycerin was 
used in place of USP grade glycerin as antifreeze in a fire 
suppression system [9]. 
Failure of a CPVC Fire Suppression System 
This case involves the failure of numerous CPVC pipes used 
for a fire suppression systems in 45 townhouses. The fire 
suppression systems in these townhouses were recharged after 
it was discovered that the freeze rating did not meet code. The 
contractor that was hired to perform the recharge mixed the 
liquid solution from the existing system with glycerin at a 50% 
by volume ratio . Approximately six months after the recharge 
took place leaking water from the fire suppression systems was 
reported by owners of the townhouses. Because the water was 
coming from the fire suppression systems the home owners 
were unable to simply tum off the flow of water. To shut down 
the systems the fire marshal ordered 24 hour surveillance of all 
the townhomes in the complex adding to the costs of this 
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V i s u a l / M i c r o s c o p y  A n a l y s i s  
T h e  h o m e o w n e r s  d e s c r i b e d  t h e  l e a k i n g  p i p e s  a s  h a v i n g  s t r i a t e d  
a r e a s  o f  s o f t n e s s  w i t h  r e g i o n s  o f  b u l g i n g  a n d  s a g g i n g  b e t w e e n  
s u p p o r t s .  F i g u r e  4  s h o w s  a  b u l g e d  s e c t i o n  o f  p i p e .  F i g u r e  5  
s h o w s  s t r i a t i o n s  i n  o n e  o f  t h e  f a i l e d  p i p e s .  T h e  s t r i a t i o n s  w e r e  
e v i d e n t  a s  a  l i g h t e r  o r a n g e  c o l o r  t h a t  r a n  a x i a l l y  a l o n g  t h e  p i p e .  
T h e  s t r i a t i o n s  w e r e  m u c h  s o f t e r  t h a n  t h e  n o n - s t r i a t e d  r e g i o n s  o f  
t h e  p i p e  t o  t h e  d e g r e e  t h a t  o n e  c o u l d  p r e s s  a  f i n g e r n a i l  i n t o  
C P V C  i n  t h e s e  r e g i o n s .  D u r i n g  i n s p e c t i o n  o f  t h e  p i p i n g  s y s t e m  
i n  a n  a t t i c  a r e a ,  s i g n i f i c a n t  s a g g i n g  o f  a  p i p e  b e t w e e n  s u p p o r t s  
w a s  o b s e r v e d ,  s e e  F i g u r e  6 .  T h e  p i p e ,  w h i c h  s h o u l d  h a v e  h a d  
m a x i m u m  s a g  o f  l e s s  t h a n  1  i n c h ,  w a s  f o u n d  t o  b e  s a g g i n g  o v e r  
f o u r  i n c h e s .  T h e  s a g g i n g  i s  a n  i n d i c a t i o n  o f  s o f t e n i n g  a n d  
c r e e p  o f  t h e  p i p e  u n d e r  t h e  f o r c e  o f  g r a v i t y .  
C r o s s - S e c t i o n a l  A n a l y s i s  
O n e  o f  t h e  f a i l e d  p i p e s  w a s  c r o s s - s e c t i o n e d  t h r o u g h  a  r e g i o n  
t h a t  c o n t a i n e d  s t r i a t i o n s .  F i g u r e  7  s h o w s  t h e  s t r i a t i o n s  a t  t h e  
i n s i d e  o f  t h e  p i p e  a n d  F i g u r e  8  s h o w s  t h e  s t r i a t i o n s  t h r o u g h  t h e  
c r o s s - s e c t i o n .  I t  w a s  c l e a r  f r o m  F i g u r e  8  t h a t  t h e  s t r i a t i o n s  h a d  
o r i g i n a t e d  a t  t h e  i n n e r  s u r f a c e  o f  t h e  p i p e  a n d  p r o p a g a t e d  
o u t w a r d .  T h a t  i s  t o  s a y ,  t h e r e  a r e  l i m i t e d  e v i d e n c e  o f  s t r i a t i o n s  
o n  t h e  o u t e r  w a l l  w h i l e  t h e  t h e r e  a r e  n u m e r o u s  s t r i a t i o n s  o n  t h e  
i n n e r  w a l l .  
F l a t t e n i n g  T e s t  
T w o - i n c h  s e c t i o n s  w e r e  r e m o v e d  f r o m  f a i l e d  p i p e s  t o  p e r f o r m  
f l a t t e n i n g  t e s t s  f o l l o w i n g  A S T M  D  4 4 2  [ 1 0 ] ,  S e c t i o n  8 . 6  t o  
d e t e r m i n e  i f  t h e  p i p e  h a d  b e e n  s t r u c t u r a l l y  c o m p r o m i s e d .  I n  
t h i s  t e s t ,  t h e  p i p e  i s  f l a t t e n e d  t o  4 0 %  o f  i t s  o r i g i n a l  d i a m e t e r  
o v e r  a  s p e c i f i e d  t i m e  p e r i o d .  D u r i n g  a n d  a f t e r  t h e  t e s t ,  t h e  
s e c t i o n  w a s  e x a m i n e d  f o r  a n y  c r a c k s  a t  t h e  o u t s i d e  a n d  i n s i d e  
s u r f a c e s .  A s  d e f i n e d  b y  t h e  s t a n d a r d ,  t h e  s e c t i o n  p a s s e s  t h e  t e s t  
i f  n o  c r a c k i n g  i s  o b s e r v e d .  I n  t h i s  c a s e ,  a l l  s e c t i o n s  t h a t  w e r e  
t e s t e d  c r a c k e d  c a t a s t r o p h i c a l l y  a t  f o u r  l o c a t i o n s  a p p r o x i m a t e l y  
9 0  d e g r e e s  a p a r t ,  s e e  F i g u r e  9 .  O n e  o f  t h e  c r a c k s  w a s  o p e n e d  
a n d  e x a m i n e d  u s i n g  a  K e y e n c e  d i g i t a l  m i c r o s c o p e ,  s e e  F i g u r e  
1 0 .  T h e  f r a c t u r e  s u r f a c e  s h o w e d  a  s m o o t h  s u r f a c e  i m m e d i a t e l y  
a d j a c e n t  t o  t h e  i n n e r  d i a m e t e r  o f  t h e  p i p e .  T h e  m a j o r i t y  o f  t h e  
f r a c t u r e  s u r f a c e  a p p e a r e d  t o  b e  s o f t e n e d  w i t h  l o n g  d u c t i l e  f l a p s .  
T h e  C P V C  a t  t h e  f r a c t u r e  w a s  s o f t  a n d  m a t e r i a l  w a s  e a s i l y  
d i s p l a c e d .  I t  w a s  c l e a r  t h a t  t h e  m a t e r i a l  h a d  b e e n  s o l v a t e d ,  
w h i c h  r e d u c e d  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  p i p e .  
F o u r i e r  T r a n s f o r m a t i o n  I n f r a r e d  S p e c t r o s c o p y  ( F T I R )  
I t  w a s  s e e n  t h a t  a  s i g n i f i c a n t  f o r e i g n  m a s s  w a s  p r e s e n t  a t  t h e  
i n n e r  s u r f a c e s  o f  s o m e  o f  t h e  p i p e s  e x a m i n e d ,  s e e  F i g u r e  1 1 .  
T h i s  m a t e r i a l  w a s  g r e e n i s h  a n d  h a d  t h e  c o n s i s t e n c y  o f  
p e t r o l e u m  j e l l y .  T h i s  m a t e r i a l  w a s  f o r e i g n  t o  t h e  s y s t e m  a n d  
c o u l d  p o s e  a  p r o b l e m  b y  c l o g g i n g  t h e  s p r i n k l e r  h e a d  i n  t h e  
e v e n t  o f  a  f i r e .  T h e  c h e m i c a l  s t r u c t u r e  o f  t h i s  m a t e r i a l  w a s  
e x a m i n e d  u s i n g  F T I R  i n  a t t e n u a t e d  t o t a l  r e f l e c t a n c e  ( A T R )  
m o d e .  A  s m a l l  a m o u n t  o f  t h e  s u b s t a n c e  w a s  p l a c e d  o n  t h e  A T R  
u n i t  g i v i n g  t h e  s p e c t r a  s h o w n  i n  F i g u r e  1 2 .  T h e  c l o s e s t  l i b r a r y  
m a t c h  f o r  t h i s  m a t e r i a l  w a s  g l y c e r o l ,  o r  g l y c e r i n  ( a l s o  p r e s e n t e d  
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i n  F i g u r e  1 2 ) .  F u r t h e r m o r e ,  e s t e r  f u n c t i o n a l i t y  w a s  o b s e r v e d  i n  
t h e  s p e c t r a  a t  a p p r o x i m a t e l y  1  7 0 0  c m -
1
.  I t  s h o u l d  b e  n o t e d  t h a t  
t h e  l i b r a r y  m a t c h  s h o w n  i s  f o r  p u r e  g l y c e r i n .  
G a s  C h r o m a t o g r a p h y / M a s s  S p e c t r o s c o p y  ( G C / M S )  
T h r e e  f l u i d  s a m p l e s  a n d  t w o  p i p e  s a m p l e s  w e r e  a n a l y z e d  b y  
G C / M S  t o  d e t e c t  t h e  p r e s e n c e  o f  i n c o m p a t i b l e  s u b s t a n c e s .  I n  
t h i s  p r o c e d u r e  a  p o r t i o n  o f  e a c h  s a m p l e  w a s  w e i g h e d  i n t o  a  
c l e a n  n e w  g l a s s  v i a l .  G C / M S  g r a d e  e t h a n o l  s o l v e n t  w a s  
p r e p a r e d  t o  c o n t a i n  7 6 . 3  m i c r o g r a m s  p e r  g r a m  o f  d o d e c a n e  
i n t e r n a l  s t a n d a r d  w a s  a d d e d  t o  e a c h  s a m p l e  t o  a l l o w  f o r  a  s e m i -
q u a n t i t a t i v e  c a l c u l a t i o n  o f  t h e  d e t e c t e d  a n a l y t i c s .  T h e  G C / M S  
a n a l y s i s  w a s  c a r r i e d  o u t  o n  a  P E  C l a m s  6 0 0 / 6 0 0 D  G C - M S ,  
u s i n g  a  3 0 m  x  0 . 2 5  m r n  J . D .  f u s e d  s i l i c a  c a p i l l a r y  c o l u m n .  T h e  
m a s s  s p e c t r o m e t e r  w a s  o p e r a t e d  i n  f u l l  s c a n  m o d e  w i t h  a  m a s s  
r a n g e  o f  3 3  r n / z  t o  5 0 0  r n / z .  T h e  m a s s  s p e c t r a  f o r  e a c h  p e a k  
w a s  c o m p a r e d  a g a i n s t  a  N I S T  m a s s  s p e c t r a l  l i b r a r y  a n d  t h e  
c o m p o u n d s  w e r e  i d e n t i f i e d  b a s e d  o n  t h e  b e s t  l i b r a r y  m a t c h  a n d  
t e c h n i c i a n  a s s i s t e d  i n t e r p r e t a t i o n .  T h e  c o m p o n e n t s  o f  t h e  f l u i d  
s a m p l e s  w e r e  a l l  n e a r l y  i d e n t i c a l  w i t h  t h e  p r i m a r y  c o m p o n e n t s  
b e i n g  e s t e r - b a s e d  c h e m i c a l  g r o u p s ,  T a b l e  1 .  
C o n c l u s i o n s  
A  k n o w n  a p p l i c a t i o n  w h e r e  C P V C  m a y  c o m e  i n  c o n t a c t  w i t h  
g l y c e r i n  i s  i n  f i r e  s u p p r e s s i o n  s y s t e m s  a s  t h e s e  n o r m a l l y  n e e d  
t o  b e  f i l l e d  w i t h  a n t i f r e e z e  s o l u t i o n s  t o  p r o t e c t  t h e  s y s t e m  f r o m  
f r e e z i n g .  T h e  m o s t  c o m m o n  m e t h o d  f o r  a n t i f r e e z e  p r o t e c t i o n  i s  
t o  u s e  a  s o l u t i o n  o f  w a t e r  a n d  a n t i f r e e z e  t h a t  i s  p r e s e n t  i n s i d e  
t h e  s y s t e m  a t  a l l  t i m e s .  T h e  o n l y  N F P  A  ( N a t i o n a l  F i r e  
P r o t e c t i o n  A s s o c i a t i o n )  a p p r o v e d  a n t i f r e e z e  t h a t  c a n  c u r r e n t l y  
b e  u s e d  w i t h  C P V C  i s  U S P  g r a d e  g l y c e r i n  s i n c e  o t h e r  c o m m o n  
a n t i f r e e z e  a g e n t s  c a n  b e  i n c o m p a t i b l e  a n d  c a u s e  l a t e n t  f a i l u r e s  
t o  o c c u r .  
A  r e l a t i v e l y  n e w  s o u r c e  o f  g l y c e r i n  i s  t h e  b i o - d i e s e l  i n d u s t r y .  
G l y c e r i n  i s  a  b y p r o d u c t  f r o m  t h e  p r o d u c t i o n  o f  b i o - d i e s e l ,  a  
f u e l  c r e a t e d  f r o m  b i o l o g i c a l - b a s e d  p r o d u c t s  s u c h  a s  s o y ,  t a l l o w ,  
a n d  c o o k i n g  o i l s ,  a m o n g  o t h e r s .  A  k e y  d i f f e r e n c e  b e t w e e n  U S P  
g r a d e  g l y c e r i n  a n d  b i o - g l y c e r i n  i s  t h e  r e s i d u a l  e s t e r - b a s e d  
c o m p o u n d s  t h a t  c a n  b e  p r e s e n t  i n  b i o - g l y c e r i n .  M a n y  p l a s t i c s  
a r e  i n c o m p a t i b l e  w i t h  c o m p o u n d s  t h a t  h a v e  e s t e r  f u n c t i o n a l i t y ,  
i n c l u d i n g  C P V C .  T h i s  p a p e r  s h o w e d  a  c a s e  w h e r e  m a s s i v e  
l e a k i n g  t o o k  p l a c e  i n  a  c o m p l e x  o f  4 5  t o w n h o m e s  t h a t  w e r e  
c h a r g e d  w i t h  a  s o l u t i o n  o f  w a t e r  a n d  b i o - g l y c e r i n .  T h e  p i p e s  
w e r e  f o u n d  t o  s o f t e n  o v e r  t i m e ,  w h i c h  e v e n t u a l l y  l e d  t o  
c r a c k i n g .  
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Figures 
Figure 1 - Cracking through the thickness of a CPVC pipe that 
contained propylene glycol. 



















Figure 3 - Chemical representation of the production of 
biodiesel and glycerin byproduct. 
Figure 4 - Bulging of a failed CPVC pipe exposed to a mixture 
of water and bio-glycerin. 
Figure 5 - Axial striations on the outside a failed CPVC pipe 
exposed to a mixture of water and bio-glycerin. 
F i g u r e  6 - S a g g i n g  o f  a n  i n s t a l l e d  C P V C  p i p e  e x p o s e d  t o  a  
m i x t u r e  o f  w a t e r  a n d  b i o - g l y c e r i n .  
1 9 8 3  
F i g u r e  7 - S t r i a t i o n s  e v i d e n t  a t  t h e  i n s i d e  o f  a  f a i l e d  C P V C  
p i p e  e x p o s e d  t o  a  m i x t u r e  o f  w a t e r  a n d  b i o - g l y c e r i n .  
F i g u r e  8  - S t r i a t i o n s  i n i t i a t i n g  a t  t h e  i n n e r  d i a m e t e r  o f  t h e  
C P V C  p i p e  e x p o s e d  t o  a  m i x t u r e  o f  w a t e r  a n d  b i o - g l y c e r i n .  
F i g u r e  9 - R e s u l t  o f  f l a t t e n i n g  t e s t  [ 8 }  o f  a  C P V C  s e c t i o n  t h a t  
w a s  e x p o s e d  t o  a  m i x t u r e  o f  w a t e r  a n d  b i o - g l y c e r i n .  
Figure 10 - A fracture surface of the pipe section shown in 
Figure 9. 
Figure 11 - Material observed at inner surface of failed CPVC 
pipe exposed to a mixture of water and bio-glycerin. 
1984 
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Figure 12 - FTIR spectra of material shown in Figure 11. 
Table 1 - Major components detected in liquid contained in the 
CPVC pipes of the fire suppression system. 
"" 
om 
Concentration, micrograms per gram 
Compound Barrel4 Bmwl28 Bld2 35 Bldg 20 Bldp 3l 
Liquid Liquid Liquid CPVC CPVC 
Si loxane from 100 so -- 1.1 7 Proovleue Glvcol 
Tetrndecyloxirane 20 40 40 2 < I 
Methyl tetradecauoate 20 100 60 17 < I 
9-Hexadecenoic acid. 30 60 90 34 6 
methyl ester. (Z) -
Hexadecanoic acid. 920 3200 6800 900 260 
methvl ester 
Hexadeceuolc acid, 
100 280 370 < I < I Z-Il-
n-Hexadecanoic acid 2800 8900 16,000 < I <: I 
Hexadecanoic acid, 14~ 20 20 60 6 3 
methyl-. methyl ester 
9 .12-0ctadccadicnoic 1900 11.500 24,200 1700 870 
acid (Z ,Z)- . metl!yl ester 
9-0ctadecenoic acid (Z}- . 
2700 9100 25 .100 2800 860 
.methyl ester 
Octadecanoic acid, 
450 1300 4400 5::!0 140 
metbvl ester 
Oleic acid 18,300 64,700 236,000 6 < I 
Octadecanoic acid 240 1800 2000 7 :1 
Phthalate Trace? 100 110 530 < I < I 
9-0ctadecenoic acid (Z}-, 
2-bydroxy-1- 380 3600 11 , 100 8 2 (l tydrox}1lletbyl)ethyl 
ester 
